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ABSTRACT
Investigation of Material, Process, and Environmental Factors in Bubble
Defect Formation for Labels of Bottled Essential Oils
Joseph Lloyd Andrus
Department of Manufacturing Engineering, BYU
Master of Science
Labeling of consumer products is not only required by regulatory bodies for product
identification, but it also serves as a symbol of product quality and prestige. Bubbles under the
label are unsightly and impact customer satisfaction. Pressure Sensitive Adhesive (PSA) labels
currently make up more than eighty percent of all labels in the market today, yet little research
could be found addressing causes of bubbling in an industrial setting. A root cause analysis for
bubble development included four aspects: label application, environmental conditions of
shipping and storage, defects in glass bottle geometry, and oil contamination. The most
significant findings from each area were as follows:
Label Application. Force and contact time were confirmed to be significant factors in
reducing label bubbling. The equipment settings directly related to these factors should be
controlled and monitored.
Environmental Conditions. None of the environmental conditions caused growth or
appearance of additional bubbles as was the hypothesis. All 4 test conditions had a significant
Paired T-test but in the reduction of bubble size.
Glass Defects. A random sample of bottles showed very poor capability of the bottle
dimensions. However, low capability to produce within specification limits does not necessarily
lead to bubbling. A direct comparison test was done to compare diameters and variation from
bubbled bottles to non-bubbled. No measurements that could reasonably be related to bubbles
caused by glass defectiveness were statistically different.
Oil Contamination. Initial data analysis showed that certain oil types had a higher chance
of causing bubbling. However, after a controlled experiment was performed, the results were
inconclusive that oil contamination pre or post-labeling could cause bubbling in isolation. The
experiment did confirm the importance of sufficient pressure in the label application process.
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1

INTRODUCTION

Labeling of consumer products is not only required by regulatory bodies for product
identification, but it also serves as a symbol of product quality and prestige. Additionally,
products that are viewed as higher class require a higher level of quality, not only in quality of
the product, but in the quality—or in perceived quality— of the packaging. Fornell defines
perceived quality as a consumer judgment of the overall excellence of a product or service [1].
Dissatisfaction occurs when this judgement falls short of consumer expectations.
dōTERRA is a company in the global aromatherapy and essential oils market and their
products are perceived as high quality, especially in China and other Asian markets. dōTERRA
has asked for assistance on an issue related to the packaging quality of their bottles in the
Chinese market. The Chinese market has been particular about bubbles that sometimes develop
underneath the transparent label of the glass bottle. Figure 1-1 gives examples of the defects. A
thorough market analysis found that not only does China have high quality expectations for
products compared to typical Western countries and its neighbor Japan, they also have a low
perceived quality [2]. Thus, creating the perfect storm for customer dissatisfaction.
When the product arrives at the China distribution center, the product is sampled and
inspected. If the number of defectives found in a lot exceeds a defined quantity based on lot size,
the lot is flagged, and the employees will begin a 100% inspection of all bottles. A defective unit
is defined as a bottle with any bubble larger than 3 mm in any direction. All labels found to be
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defective are marked not for sale and dōTERRA must reimburse all the unsellable product in
addition to paying for the 100% inspection. This cost is estimated to be in the millions of US
dollars per year.

Figure 1-1: Bubble defects on product labeling.

dōTERRA’s labeling process consists of labels with pressure sensitive adhesive (PSA)
applied using high speed labeling equipment. The adhesive is an emulsion (water-based) acrylic,
commonly used in high-speed applications. The equipment takes a roll of thousands of labels
that are attached to a plastic backing and applies them to individual glass bottles. After
manufacturing, the product may sit in boxes in storage areas at room temperature for a few
weeks or many months before being shipped to China. The shipping journey involves ground
transport followed by air freight. During this time, the product can experience harsh
environmental conditions such as pressure changes, temperature, humidity, and agitation along
the way.
Little research appears to have been done to understand the factors that affect label
bubbling both in the industrial, high-speed application as well as the storage and shipping
2

environment consumer products go through. If these effects were better understood, precautions
or preventions could be put in place to reduce the occurrence or severity of label bubbling. This
would be a benefit to not only dōTERRA but also to any other consumer product companies
using similar labeling technology.
The objective of this research will be to understand significant factors in label bubbling
and explore methods for reducing the bubbles from occurring or developing past acceptable
standards. This will be accomplished by (1) an analysis of existing data regarding label
likelihood of bubbles and (2) physical studies of product manufacture and shipment with
resulting label likelihood of bubbles. The physical studies will look at factors in components
(labels, glass, oil), the physical application process, and the post-application environment.

3

2

2.1

LITERATURE REVIEW

Label Bubbling
PSA’s currently make up more than 80% of all labels in the market today [3]. That

number is expected to only increase due to the ease of use of PSA labels. Much research has
been done regarding increasing certain properties of a PSA that affect bubbling such as tack,
peel, and shear resistance by means of altering the chemical makeup and polymerization process
of the adhesive. In 2020 a study found that all three properties—tack, peel, and shear
resistance—improved with an increase of the functional monomer acrylic acid [3]. These tests
were performed using standard PSA test methods which involves applying the PSA to a stainless
steel panel. The dōTERRA application involves application to a round, glass bottle. The
implications of the varying test methods and substrates have not been explored.
Very little public literature could be found regarding the occurrence and characterization
of label bubbling in the industrial setting. A couple of studies have directly looked at bubbling
but with a paper label (dōTERRA has a plastic label). Broadbridge et al. [4] worked with an
Australian wine producer to help them understand and reduce the bubbling in their labels. The
bottles would exit the labeling machine with the label adhering normally to the bottle, but in
some cases, bubbles would appear under the surfaces after 10 to 15 minutes as shown in Fig. 2-1.
The team worked to understand plausible causes after gathering empirical and anecdotal
evidence from the factory. Mathematical models were developed and vetted to understand the
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spreading of the liquid glue piles and excess water absorption by the label and atmosphere. It
was determined that the bubbles were from the forces caused by excess water absorption. This
could be reduced by not labeling faster than a set rate, allowing more time for the glue to be
dispersed by the labeling machines pressure device, or increasing the forces exerted by the
pressure device.

Figure 2-1: Bubbles under wine label [4]

A very similar approach was done in 2008 with a beer labeling company [5]. This study
built on the learning related to forces on the label because of water absorption and also looked to
calculate the maximum ideal machine speed using mathematical models. Additionally, this study
looked at the spacing of and best direction for the glue strips to go on the paper labels to counter
the expansion forces of the wet paper fibers.
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While dōTERRA does not use paper labels, nor are they applying liquid glue strips prior
to placing the label on a bottle, the principle of obtaining a practical understanding of the
labeling application is what we wish to emulate in our research.
Imperfections and irregularities in the glass can also cause bubbling of the label. In a
journal article on glass packaging, it was noted that “glass containers that are out of shape or
over or under the standard height of the company’s products may cause problems in washing,
filling, or labeling stages” [6]. The article also noted that minor defects such as small stones
(pieces of unmelted raw materials) in the external surface, wrinkle, and shear marks, are of less
importance in food safety, but that these defects usually affect the appearance of glass packaging.

Figure 2-2: Two examples of glass defects, referred to as an under-shrink.

There is always variation in supplier quality and dōTERRA is no exception. Bottles have
arrived out of round, with under-shrinks (see Fig. 2-2), wrinkles, and stones. The current
incoming inspection is minimal, and concentricity is not currently a critical attribute that is
inspected. Issues have been discovered only after the bottles get to the manufacturing lines and
labeling problems are investigated. However, bubbles caused by glass bottle defects is not
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formally documented so this will need to be explored and quantified further. Anecdotal evidence
does point to bottle defects contributing to the overall bubble problem.

2.2

Label Application Process
Another area relevant to the scope of this research is regarding the label application

process. It would be valuable to understand relevant machine settings or conditions during label
application that could be relevant to bubbling. Label application can be done in a number of
ways and with varying levels of automation. Because of this custom process, little peer-reviewed
literature could be found understanding the specific equipment settings or application processes
and how they relate to bubbling or adhesive performance. However, many studies have looked at
standard factors such as force applied and contact time.

Figure 2-3: Stress-strain diagram for the debonding of a PSA with two different
application forces as indicated. Contact time was held constant at 1 sec. Dashed line is on a
rough surface, solid line on a smooth surface [7].

As mentioned in the label bubbling section, force applied to the label is a critical factor to
good label adhesion. Most industrial labeling equipment have a pad or otherwise press on the
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label after placement. One study [7] looked at the effect of contact force, time, surface
roughness, and temperature on key adhesion properties. As shown in Fig. 2-3, the study found
the force of 1 N to have doubled the ultimate tensile strength (UTS) of the adhesive bond when
compared to 0.1 N force.
The solid line is on a smooth surface, and the dashed line was on a rough surface. Smooth
surfaces were also shown to roughly double the UTS of the bond. Additionally, fracture energy
(i.e. tack) was shown to increase with contact time. As shown in Figure 2-4, the UTS, extension
at failure, and tack (area under the curve) all increase with increased contact time.

Figure 2-4: Influence of contact time (s) on the shape of the stress-strain curves [7].

Other machine parameters such as speed of the incoming bottle, speed of the wrap belt,
alignment of equipment with bottle and label are not found in typical research simply because
they are not standard mechanisms for PSA label application. Nevertheless, some specific
equipment recommendations were found internally. dōTERRA’s labeling equipment manual
provides troubleshooting tips (see Table 2-1) for problems related to wrinkles/bubbles. The label
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rollers shown in Figure 2-5 are essentially the force applied after the label is placed on the bottle
surface. The suggested solution in Table 2-1 to “move in the label rollers” implies reducing the
distance between those rollers and the label wrap belt, thus applying more pressure on the labels.

Label Wrap
Belt

Label
Rollers

Figure 2-5: dōTERRA labeling equipment.

Table 2-1: Quick troubleshooting guide related to wrinkles and bubbles
provided by labeling equipment vendor.
Problem/Symptom
Horizontal wrinkles
Vertical wrinkles
Air bubbles

Cause
Dispensing speed too slow or
imperfect container surface
Dispensing speed too high or
imperfect container surface
Imperfect container surface

Solution
Increase dispensing speed/move in
Label Rollers
Decrease dispensing speed/move in
Label Rollers
Move in Label Rollers

The troubleshooting guide in Table 2-1 suggests again that speed and force are critical
factors. Informal conversations with machine operators on the production lines confirmed that
these settings are critical in resolving label bubble/wrinkle issues. One also stated that the force
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can cause wrinkles if it is too low or too high. These parameters will need to be further studied to
gain objective data.

2.3

Environmental Conditions
The following post-manufacturing environmental conditions were thought to possibly

play a role in label bubbling: humidity, temperature, agitation, and ambient pressure.

2.3.1

Related Literature

Multiple studies [8, 9] have looked at the effect of humidity and temperature on tack.
Tack is defined as “the fracture energy under conditions of short contact time and low contact
force” [7]. Or in simpler terms “the ability of the adhesive to form a bond with the surface of
another material upon brief contact under light pressure” [10]. Obviously, this is a desired
characteristic in the many applications of PSAs, but initial application strength may or may not
relate to durability or the strength of the adhesion through adverse conditions. This research will
need to evaluate the effects of humidity and temperature on the durability of the adhesion
through adverse conditions.
Research regarding the effects of agitation and pressure changes could not be found
related to post-application performance of adhesives.
Available standard test methods related to environmental conditions and adhesives were
found and evaluated. The American Society for Testing and Materials (ASTM) has various test
procedures related to PSA tapes. The following test standards were investigated for their
applicability to this testing:
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•

D3611 Standard Practice for Accelerated Aging of Pressure-Sensitive Tapes – A
practice used to accelerate the natural aging of PSA tape over two years in only
four days for further testing on appearance or physical properties. Places the role
of tape at 150°F (66°C) and 80% rH for 96 hours. This test gives comparable
testing conditions but does not look at durability of the label application.

•

D7932 Standard Specification for Printed, Pressure-Sensitive Adhesive Labels
for Use in Extreme Distribution Environments – This specification provides a
standard means to test and measure performance characteristics of labels
containers to be used in extreme distribution environments (for example,
hazardous materials labels, aerospace, military containers). For the purposes of
this specification, an extreme distribution environment is one in which it can be
reasonably expected to experience direct exposure to deteriorating chemicals,
weather, elevated/cold temperatures, and other environmental and physical
elements for an extended period of time. Test conditions include abrasion,
extreme temperatures (-67 °F to 140 °F), humidity, freeze and thaw, and
accelerated aging. While this test is targeting a similar area, the conditions are far
more extreme than what is thought to be realistic for this research.

•

D3654 Standard Test Methods for Shear Adhesion of Pressure-Sensitive Tapes –
Outlines the test conditions for measuring the shear adhesion of a PSA tape.
Shear is when the load is applied parallel to the surface whereas this research is
looking at tack or loss of adhesion perpendicular to the surface.

•

D6252 Standard Test Method for Peel Adhesion of Pressure-Sensitive Label
Stocks at a 90° Angle – This test looks at pertinent properties of a label and is a
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fitting test. However, this research would like to examine issues on the actual
substrate (glass bottles) instead of stainless-steel panels or other controlled panels
representative to the actual substrate. Additional testing could use the methods
outlined here for controlled comparison if additional testing is desired.
•

D3715 Standard Practice for Quality Assurance of Pressure-Sensitive Tapes –
This method regards appropriate sampling plans for inspecting rolls of PSAs
from a tape manufacturer. The proposed testing will be looking at individual
labels and not entire rolls.

2.3.2

In-House Testing

In addition to researching available literature for the effects of environmental conditions
during application, curing, storage, and/or transportation; some in-house tests and observations
were performed to understand the effects of temperature, humidity, and other environmental
factors. After the labeling, the product may sit for weeks or many months before it is shipped to
various markets around the world. Regarding transportation to the Chinese market, lots are
shipped via airfreight. This transportation has been shown to increase the size of any pre-existing
bubbles. The shipping conditions expose the product to high temperatures and humidity, pressure
changes, and agitation. The durability of a PSA to withstand these environmental conditions is a
critical attribute. As is required in dōTERRA’s regulated environment, samples are retained from
every lot manufactured. We were able to compare pictures sent from the China team of product
they had received and flagged to bottles kept in the building from the same manufactured lot. As
shown in Fig. 2-6, the same vertical bubble can be seen in both the retained samples (a) and the
product sent from China (b), but the bubble is distinctly larger in the labels of product that has
made its way to China.
12

(a)

(b)
Figure 2-6: Bottles of oil from the same batch. (a) are bottles from the retained samples
kept at the manufacturing facility, (b) is a picture sent from the China inspection team. As
noted, (a) still has minor bubbles along the glass parting line, but the defects in (b) are
much larger.

The picture of the shipped product (b) was taken 7/2019, approximately four months after
manufacture. The sample picture (a) was taken 1/2021, twenty-two months after manufacture.
This direct comparison shows that temperature, humidity, agitation, and pressure are all possibly
affecting the bubbling problem.
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Further insight has been gained with a small experiment done with clear labels placed in
an environmental chamber. Empty bottles were labeled with an unprinted version of the standard
label. A control group was left in a box, and other bottles were placed in an environmental
chamber set to 70% rH and 45.0 °C for five weeks. One of these bottles is shown in Fig. 2-7.

Figure 2-7: In-house experiment seeking to understand the effects of humidity and
temperature. The label had a distinguishable reduction in size of the bubble after time in
the environmental chamber.

The control group showed no significant change in bubble count or size for the 5-week
experiment duration. But the bottles placed in the environmental chamber showed a decrease in
bubble size. Since humidity and temperature during storage have preliminarily shown to alter
bubble size, assessment of these variables on label bubbles during storage will be part of the
scope of this research.

14

3

3.1

METHODOLOGY

Overview
This study focused on determining the root cause of the bubbling issues seen on

dōTERRA’s PSA labels. The study started with an analysis of existing data on defect rates to
further understand if the problem could be isolated to a specific time period, manufacturing line
or bottle size. The testing then analyzed four areas for their effect on label bubbling: 1) label
application, 2) environmental conditions of shipping and storage, 3) defects in glass bottle
geometry, and 4) oil contamination. All testing was done using dōTERRA’s 15ml bottles and
standard label stock unless otherwise noted.

3.2

Preliminary Screening
dōTERRA’s Quality Assurance has collected data on the product lots that have been

flagged by the China inspection team. This data was taken and compared to all product
manufactured for China within the same time frame (approximately Jan 2019-July 2020) to get a
better understanding of occurrence rates by multiple categories such as time from manufacture to
inspection, line manufactured on, month manufactured, and bottle size. Understanding the
occurrence rates by these categories can help understand if the issue is linked to a specific factor
or scenario, or if it is a general problem that deserves further investigation.
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For each category, the manufactured lots flagged for bubbling issues served as the
numerator and the total number of lots in that category served as the denominator. The
percentage flagged were then compared and evaluated.

3.3

Physical Application Changes
The first area experimented on was the physical equipment and settings used for the label

application at dōTERRA. The labeler used was an Aesus Eco Wrap Labelling Machine with a
star prism and wrap belt. As outlined in the literature section, force and contact time have been
shown to influence a PSA’s tack. These factors as well as other machine parameters such as
speed of the incoming bottle, speed of the wrap belt, alignment of equipment with bottle and
label are not found in typical research simply because they are not standard mechanisms for PSA
label application. These tests looked at all those settings. A series of design of experiments
(DOE) was used to determine critical settings and measure how they affect label bubbling.
To analyze the factors involved in the physical labeling process, internal experts were
consulted to determine possible factors involved. These included maintenance personnel and
experienced machine operators. The labeling equipment manual was also consulted for
suggestions on troubleshooting vertical, horizontal, and air bubbles (see Table 2-1). For the
initial screening experiment, all factors considered plausibly significant were included. The
settings chosen as well as a description are found in Table 3-1.
Once critical settings were determined, small tests were done in conjunction with
consulting with internal experts to determine appropriate levels for each factor or setting. Levels
were chosen that were on the edge of being reasonable. That is, beyond a typical value for an
actual production run, but without damaging the equipment or failing to label the bottle entirely.
Table 3-1 includes the levels selected.
16

Table 3-1: Factors and levels for DOE testing for significant label
application machine settings.
Factor
Applicator Height
Applicator Speed
(.01 sec)
Stop Delay
(.01 sec)
Wrap Speed
(.01 sec)
Star Wheel Dial
Star Wheel Speed
%
Label 1 Delay

Level
1
23.75
80

Level
2
25
100

Explanation

0

20

Adjusts length of label flag at application

38

50

Speed of the wrap belt

80

82

10

30

Position of starwheel (affects how tightly the bottle is
pressed against the wrap belt)
Speed of the indexing motion of the starwheel

1

20

Height of the entire label application relative to bottle.
Speed of the label application

Delays the label shooting out after it has triggered the
sensor

A 7 factor 12 run reduced factorial DOE was performed to determine critical label
parameters. 50 bottles were labeled for each experimental run, i.e., each combination of factor
levels. At the start of each run, a few extra bottles were labeled but not kept ensuring the 50
collected samples were during a steady state condition of the machine.
After the initial screening DOE, a second full DOE was performed using only the
significant factors. Results and further details are in section 4.2.

3.4

Environmental Factors
The second area that was evaluated was the environmental conditions that the bottles

experience during storage and transport to their destination. After manufacturing, the product
may sit in boxes in storage areas at room temperature for a few weeks or many months before
being shipped to China. The shipping journey involves ground transport followed by air freight.
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During this time, the product can experience harsh environmental conditions such as pressure
changes, temperature, humidity, and agitation along the way.
To get a baseline for the conditions that product shipped to China goes through, a data
logger was sent to China and back using the typical transportation methods that product would
see over the journey from Pleasant Grove, Utah to Shanghai, China and back from 9/16/2021 to
11/5/2021. The data logger data and a summary are given in section 4.2.
While this data gave a reality check for the proposed tests, this single test could not
rationally be used as the absolute basis for testing conditions due to the anticipated variation in
these values due to e.g., time-of-year and shipping delays. As outlined in section 2.3.1, different
shipping and packaging test standards such as ASTM were reviewed to find applicable testing
that could be applied. The only test found that seemed strongly related to the testing was ASTM
standard D7932 Standard Specification for Printed, Pressure-Sensitive Adhesive Labels for Use
in Extreme Distribution Environments. While the test has a similar purpose, the conditions were
much more extreme than seemed practical for this testing.
Three factors were tested: temperature, humidity, and pressure. Agitation was not tested
because no data could be gathered for replicable test conditions and equipment for
agitation/vibration testing is very expensive.
A five-group experiment was constructed with a control group and four groups with
varying conditions; structured in a way to calculate the effects of each factor (see Table 3-2). 250
bottles were labeled under the same conditions, and 50 were randomly assigned to each of the
five test groups. 10 bottles were selected from each group of 50 to measure and take pictures of.
The low temperature of 30 ºF came from the minimum temperature captured by the data
logger. The maximum temperature of 113 ºF is 20 ºF higher than recorded on the data logger to
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account for travel during summer months and because the environmental chamber being used is
set at 113 ºF for other testing done at dōTERRA. Humidity and pressure settings approximate the
values seen during shipment. The higher pressure of 30.3 inHg was not tested after reasoning
that a higher pressure would not likely lead to label bubbling as a higher outside pressure would
compress the label to the bottle.

Table 3-2: Factors and labels for DOE testing for significant environmental
parameters in label bubbling.
Group
ID
A
B
C
D
E

CenterPt Blocks
1
1
1
1
1
1
1
1
Control

Temperature
(°F)
30
113
30
113
72

Humidity
(%RH)
30
30
70
70
30

Pressure
(inHg)
25
18
18
25
25

Each group was placed in the test environment for 24 hours and inspected; then left for 1
week before inspection. During the inspection, pictures and measurements were taken from each
of the 10 observation samples to provide direct comparison. The measurements were of the
bubble that follows the parting line of each bottle, as two of these vertical bubbles were present
on almost every bottle. The bubble width was measured as the widest spot of the bubble along
the parting line. A Paired t-test analysis was then performed on each group, to compare the
parting line bubble width before being placed in the testing environment, to after 1 week of being
subjected to the environmental conditions. In practice, keeping the humidity up to the high level
in the freezer proved to be difficult to the naturally dry air in a cold environment.
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3.5

Glass Defects
As outlined in section 2.1, imperfections and irregularities in the glass can also cause

bubbling of the label. Anecdotal evidence points to bottle defects contributing to the overall
bubble problem. A serious of tests were constructed and performed to thoroughly investigate
whether glass defects could contribute to label bubbling. The tests center around analyzing the
roundness of the bottles at various points to see if there are imperfections where the label would
not adhere as well.
5ml and 15ml bottles were analyzed as part of the study using a set of digital calipers
with a resolution of 0.01 mm. Measurements were taken at the top and bottom of the bottle
where the edge of an applied label would be. The bottle was spun in place and measurements
were recorded of the min and max diameters. These four measurements were then used to
calculate ranges and averages for analysis. Figure 3-1 shows the measurement setup. As shown,
the calipers always rested on a horizontal surface to ensure repeatability of the measurement
location from bottle-to-bottle.

Figure 3-1: Example bottle diameter measurement with calipers.
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Two different tests were performed. The first test was done using a random sample of
both 5 ml and 15ml bottles. Samples were collected by going to various manufacturing lines and
asking for three to five bottles. Twenty of each size were measured using the described method.
The second test consisted of comparing bottles from the same lot of Tangerine oil where label
issues were discovered. Twenty bottles were selected that had bubbling issues as shown in
Figure 3-2, and twenty bottles were selected that had no bubbling issues. These bottles had been
manufactured in December 2021, and the bottles were selected in March 2022.

Figure 3-2: Example Tangerine oil bottle label with bubbling issue (see small bubbles inside
yellow perimeter).
After measuring the bottles from both tests, various statistical tests and analyses were
performed and are outlined in chapter 5.

3.6

Oil Testing

3.6.1

Preliminary Analysis

Assessing the effect that the oil in the bottle could have on label bubbling was not
included in the original prospectus. But after a lack of clear root cause issues as well as anecdotal
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evidence that certain oils were more likely to have bubbling issues than others, it was
investigated further. The theory is that the oil is getting onto the bottle prior to labeling, or the oil
is escaping through the bottle/cap as a liquid or gas and breaking down the PSA label.
To subjectively analyze the effect of oil, there needed to be some way to categorize the
oils subjectively. A list was found that broke down the single oils that dōTERRA has by their
molecular functional group. Functional groups are a categorization of oils based on the most
common chemical functionality in that oil’s chemical structure, that defines how the oil will
behave (e.g. smell, viscosity, surface tension). The data used for the Preliminary Screening
outlined in section 3.1 was used to understand if there were any functional groups with higher
bubble occurrence rates over that span of time. Though the functional group categorization could
not work for any multi-oil blends that dōTERRA has, categorizing only the single oils
approximated 60% of the manufactured product over that time span. This was seen as enough to
explore further.
The analysis looked at each functional group and what percent of the total lots of that
group were flagged for bubbling. Figure 3-3 shows a chart with the total lots for each functional
group as well as the % flagged for bubbling.
The monoterpene group was by far the highest category with 34.3% of the lots getting
flagged. The next highest group was Sesquiterpene with 21.9%. The overall percent flagged was
18.6%. A Chi-Square % Defective Test was also performed to show which groups were
statistically different from any others (see Fig. 3-4).
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Figure 3-3: Total lots tested and % of those lots flagged for bubbling issues, arranged by oil
functional group. Arranged from left-to-right per highest percentage flagged to lowest.

Figure 3-4: Chi-Square % Defective test summary report for oil functional groups.
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Monoterpenes are structurally the most basic of all the chemical functionalities in these
oils. Smaller / simpler structures implies the lowest viscosities as well. This group contains all
the citrus oils such as orange, grapefruit, and lemon. Citrus oils naturally break down adhesives
which is why they are a common ingredient in cleaning solutions.
Additionally, an internal study showed that citrus oils are very volatile and evaporate out
of the bottles more than other oils. It should be noted that the study only had one non-citrus oil
(ginger) in it. The bottles of citrus oil lost six to ten times the amount of oil by weight as the
ginger oil did, over a span of 7 months. The bottles were placed in various orientations for the
study, but only the results from the upright bottles are included here. The results are summarized
in Figure 3-5.

6.00%

5.57%
4.78%

5.00%
4.00%

3.67%

3.30%

4.02%

3.00%
2.00%
1.00%
0.00%

0.52%

Ginger 15 ml Lemon 15 ml Lemon 5 ml Tangerine 15 Wild Orange Wild Orange
ml
15 ml
5 ml

Figure 3-5: Evaporation rates of various bottles of oil over seven month. Shown as percent
of initial weight.

While that test only involves a small fraction of the many oils used in the product line-up,
dōTERRA has stated that they have issues with evaporation of citrus oils in bottles sitting for
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over 6 months. Table 3-3 outlines the chemistry, viscosity, and density of seven various oils. As
shown, the two citrus oils, Wild Orange and Grapefruit had the lowest viscosities in the group.
Thus, there is ambiguity as to whether the monoterpene group is problematic due to low
viscosity, the solvent nature of citrus oils, or both.

Table 3-3: Chemistry, viscosity, and density of seven various oils. Sorted by
viscosity from greatest to smallest.
Oil

Terpene

Functional Group

Vetiver
Peppermint
Wintergreen
Eucalyptus
Roman
Chamomile
Wild Orange
Grapefruit

Sesquiterpene
Monoterpene
Monoterpene
Monoterpene

3.6.2

Alcohol
Alcohol
Ester
Ether

Viscosity
(Pa-s)
0.28
0.0049
0.0041
0.0023

Density
(kg/m3)
884
1016
1323
936

Monoterpene

Ester

0.0013

918

Monoterpene
Monoterpene

Monoterpene
Monoterpene

0.001
0.00098

859
895

Oil Test Methods

Based on all this information, it was reasoned that a controlled experiment should be
performed to understand the effects of oil on the label. The test would look at a monoterpene–
low viscosity–citrus oil (lemon), as well as a different functionality with a higher viscosity i.e.,
lavender oil, being placed on the outside of the bottle prior to labeling and after. Placing the oil
on the outside of the label was thought to simulate any oil coming out post label application such
as through leaking or evaporation without having to wait for months to observe potential effects.
Table 3-4 outlines the test.
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Table 3-4: Outline of factors and levels for oil contamination test.
Group
1
2
3
4
5

Oil Type

Oil
Placement
Lavender
Bottle
Lemon
Bottle
Lavender
Label
Lemon
Label
Control

# of Bottles
5
5
5
5
5

The bottles with oil placed on the bottle were oiled by placing a gloved finger over the
opening of the bottle and tipping the bottle upside down. The finger was then smeared along the
bottle just below a mark on the cap indicating the placement for later observations. The same
procedure was done for oil placement on the label except done after a label was on the bottle.
Results for this testing are detailed in section 4
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4

4.1

RESULTS AND ANALYSIS

Preliminary Screening

4.1.1

Time from Manufactured to Inspection.

One factor thought to be relevant was how long between when a bottle had been filled
and labeled before it was inspected. A linear regression analysis was performed using the date of
manufacture to inspection (delay) of all the flagged lots as the x variable and the total reject
percent as the y variable. A statistically significant relationship between the two variables was
found as shown in Figure 4-1. The probability of a bottle lot being rejected appears to increase
with time since manufacture. The relationship does not seem very strong, however, and one can
see many data points that do not follow the linear relationship.

Figure 4-1: Regression analysis of total rejection percent and time since manufactured.
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4.1.2

Month Manufactured

The time of the year in which the bottle lot was manufactured was also explored and can
be seen in Figure 4-2. Two months, June and July 2019, show a much higher complaint rate than
any other months, but we do not have information to draw any causal conclusions as to why.

Lots Flagged by Month Mfg
90
80
70
60
50
40
30
20
10
0

60.0%
50.0%
40.0%
30.0%
20.0%
10.0%
Jan Feb Mar Apr May Jun Jul Aug Sep Oct Nov Dec Jan Feb Mar Apr May Jun Jul
2019

Total Lots
% Flagged

0.0%

2020

Figure 4-2: Graph of total lots and percent flagged lots by month.
The graph shows that bubbling issues have no clear dependence on the month when the lots were
manufactured, nor is the problem isolated to specific periods.

4.1.3

Manufacturing Line

Similarly, breaking the complaints up by manufacturing line (see Fig. 4-3) shows that no
one line can be blamed for the bubbling issue.
It is worth noting however, that lines 2 and 3 have some of the highest complaint rates
and they have different labeling equipment than the other lines. This lends some support to the
theory that the label application process itself may determine the probability for label bubbling.
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Figure 4-3: Graph of total lots and percent flagged by manufacturing line.

4.1.4

Bottle Size

Looking at bottle size could tell us if one size of glass was more prone to bubbles or not,
but no significant difference can be found in the percent flagged as shown in Fig. 4-4.

Lots Flagged by Bottle Size
800

20.0%
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15.0%
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10.0%
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5.0%

0

15

5

Total Lots
% Flagged

0.0%

Figure 4-4: Graph of lots flagged for bottles sizes 15ml and 5ml.

In summary, the label bubbling appears to be a general problem and cannot be traced to a
specific date, manufacturing line, or bottle size. The research will further explore causality from
label application, the post-application environment, and components.
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4.2

Physical Application Changes

4.2.1

Label Application - Initial Screening Design

The bottles were labeled using the specified settings (see Table 3-1), then left to sit for
three to five days to completely adhere before any inspection was done. Each bottle was
examined for any bubble that was not related to bottle defects or debris stuck under the label.
The inspection was done visually and any bottle with a bubble was counted and tallied up. The
bottle count for bubbling issues for each run ranged from two to forty-four out of the fifty total.
The tallied total for each run was then used as the response in the DOE. Minitab
statistical software was then used to analyze the results and is shown in Figure 4-5.

Figure 4-5: Chart of standardized effects after eliminating all non-significant factors from
label application DOE.

The model shows 4 factors—Wrap Speed, Starwheel Dial, Starwheel Speed %, and Label
Delay—were significant at an alpha of .05 after reducing the model to only significant factors.
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These factors confirm previous studies showing force and contact time are very impactful to
label tack.

4.2.2

Label Application – Full Factorial

To follow up the screening design, a full factorial was done on the two most significant
factors, Starwheel Dial and Starwheel Speed %. The Starwheel Dial setting refers to the force
applied during the label application. All other settings were set to default factory settings. The
other two significant factors (wrap speed and label delay) were left off to be able to reduce the
number of runs from 16 to 4. Thus, reducing the number of bottles needed to be hand inspected
from 800 to only 200. Levels for both factors were also tightened and are outlined in Table 4-1.

Table 4-1: Factors and levels for full factorial label application DOE.
Run

Star Dial

Star Speed %

Response

1

81

20

1

2

81.5

15

3

3

80.5

25

4

4

80.5

15

2

5

81.5

25

1

The test consisted of 5 runs, one for each combination and a centerpoint run, with 50
bottles each. The testing all went smoothly, and the labels were left for 6 days to fully cure. In
general, the bubbles seen were less frequent and much smaller than on the screening DOE. As
shown in Figure 4-6, there wasn’t enough difference to determine any significant effects. This is
most likely due to the reduced range between the high and low factor settings. Table 3-1 shows
the equipment settings for the initial screen tests, in which the star dial force varied from 80 to
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82, and the start speed % from 10 to 30. In this full factorial, that range was reduced to 80.5–
81.5, and 15–25, respectively. Thus, with tighter settings, and the law of diminishing returns, the
label bubbling was greatly mitigated with this range in settings. This suggests that this range in
force and speed during label application may be a safe range for making bubble-free labels.

Figure 4-6: Chart of effects from second label application experiment.

In conclusion, the study on label application proved that force and speed have a
significant impact on reducing bubbling to a certain extent. The significance of these factors is
variable; however, other significant factors may have not yet been identified. The effect seen
here, of forces and speed on the label quality, does suggest that machine settings should be
controlled and not changed without proper approval.
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4.3

Environmental Factors
The values recorded on the data logger sent to China with a product shipment served as

the baseline for the ranges for the test conditions and are shown graphically in Figure 4-7. Table
4-2 provides a summary of the data.

Figure 4-7: Data logger tracking of temperature (red), humidity (blue), and pressure
(yellow) while traveling with product to China.
Table 4-2: Summary of data from data logger traveling with product to China.

Average
Min
Max
Range

Temperature
(°F)
73.3
39.0
94.2
55.3

Humidity
(%RH)
48.5
31.3
68.0
36.7

Pressure
(inHg)
28.8
23.3
30.3
7.1

As detailed in section 3.4, this data from China served as the baseline for the
environmental factors experiment. Various equipment was used to sustain each condition in the

33

environmental test. For the low-pressure tests, the bottles were placed in a vacuum pot and the
pressure was dropped to the set pressure. For temperature, an environmental chamber was used
that kept contents in a high temperature and humidity environment. This chamber was also used
for to fill the container with air with high rH. For group C, the bottles had to be in low
temperature and pressure, but with high humidity. To do this, the empty vacuum pot was placed
in the environmental chamber to collect humid air. Then, the pot was taken out, the product was
quickly placed inside, and the lid placed on. The pressure was then lowered and the pot with the
bottles now inside was placed in the freezer.
As detailed in section 3.4, measurements of the parting line bubble were made on each of
the 10 observation samples in each group. These measurements allowed us to make quantitative
comparisons and analysis. The measurements were taken at the widest spot on the parting line
bubble. Due to the roundness of the bottle, and the thin size of these bubbles, this measurement
was difficult to make in a repeatable and precise manner.
To determine any change from the environmental conditions, Paired t-tests were
performed on each group comparing measurements of the bubbles before being placed in testing
environment vs. measurements after 1 week. All 4 groups had a statistically significant Paired ttest. The tests are summarized in Table 4-3. All test charts can be found in the Appendix.

Table 4-3: Summary of Paired t-tests performed on bottle dimensions after
environmental testing.
Group

Condition Description

A
B

Open container in freezer
Vacuum pot in environemntal
chamber with low rH
Vacuum pot in freezer with high
rH
Open in environmental chamber

C
D
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Mean Difference
(mm)
0.17
.50

P-value of
Paired t-test
<.001
<.001

.09

.036

.67

<.001

Most notably, the mean group bubble size went down in all cases. You can see an
example of the bubble shrinking on a bottle from group D in Figure 4-8. There were some bottles
in groups A and C that had an increase in bubble size, but the change is so small that it is most
likely measurement error. While the Paired t-test was statistically significant, it may not be
practically significant in all cases. For example, the difference was only 0.09 mm from group C.
The ability to accurately capture that small change with calipers is unlikely.

Figure 4-8: Example bottle from group D showing bubble size decreasing over time.
The two groups with the largest reduction in bubble size are B and D. These two groups
both had high temperature as the common variable. This implies that temperature was the most
significant factor in the experiment.
This environmental test goes against the theory that the environmental conditions that the
product experiences during shipping to China is causing bubbling to happen or even to increase.
In none of the cases was there a significant increase in bubble size of the labels. Though the

35

conditions were only for one week, it is unlikely that extended time would reverse the conditions
seen in the study.

4.4

Glass Defects

4.4.1

Random Sample Test

The first test was with twenty random samples each of 5 ml and 15 ml bottles from
various warehouse locations. Min and max measurements were taken for each bottle at the top
and bottom and the mold number was also documented to look for any correlation with
dimensions. The mold number is a small number on the bottom of the bottle that the
manufacturer places that identifies which mold the glass bottle was formed in.
For the 5 ml bottles, six of the twenty bottles were out of spec. All failures were from the
top of the bottle being too small. For the 15ml bottles, no bottle was measured as out of spec, but
there were multiple that were very close to being out of spec in the same manner as the 5ml
bottles. A capability analysis was performed on both bottle sizes to look at the process capability
of dōTERRA’s bottles.
The 5ml samples had a process performance index (Ppk) of 0.49, with 8.75% of bottles
expected to be out of spec. The 15ml bottles failed the normality test but had a Ppk of 0.6, with
3.65% expected to be out of spec. It should be noted that the data points were not a random
diameter measurement, but rather all of the minimum and maximum measurements. This will
widen the distribution further than is actual, but this should not be affecting the centering of the
distribution within the spec limits. The distributions are both severely skewed to the low end of
the spec window. See appendix for full capability reports.
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While this test shows the low capability of the bottle manufacturing, it may not
necessarily lead to bubbling. If the bottle has an overall smaller diameter, it may be concentric
enough not to have under-shrinks or other defects that would be problematic areas for a label.
The next study serves to more directly compare bottles to understand if glass defects are
contributing to label bubbling.

4.4.2

Direct Comparison Test

The second test consisted of comparing bottles from the same lot where label issues were
discovered. The lot had to be one hundred precent inspected for various quality reasons and at
least 4,752 label issues were found out of 18,000 bottles (26.4%). Twenty bottles were selected
that had bubbling issues, and twenty bottles were selected that had no bubbling issues. The labels
had to be peeled off prior to measuring and some labels left spots of adhesive on the bottle.
However, the spots were minimal, and it is unlikely that it impacted the measurements.
Multiple t-tests were performed comparing the two groups; the hypothesis being that
there would be a statistical difference between the groups such as the bubble group having a
larger range of diameter measurements, indicating the bottles were more out of round. Table 4-4
outlines all the tests that were performed and the resulting p-value.
All tests were done with an alpha of 0.05. See appendix for graphs from these tests. Only
the t-test comparing the top minimum diameters and the bottom maximum diameters were
significant determiners in label bubbling at the 0.05 level. These two attributes are hard to
realistically relate to bubbling. To draw conclusions, additional data would be needed on where
the minimum and maximum diameters are happening. As stated previously, if the bottle has an
overall smaller or larger diameter, it may be concentric enough not to have under-shrinks or
other defects that would be problematic areas for a label.
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Table 4-4: Summary of t-tests comparing bottles from the same lot with
and without label bubbling.
Test
Overall Range
Top Range
Bottom Range
Top Min
Top Max
Bottom Min
Bottom Max

4.5

Description
Range of all four
measurements
Range of the min and max
measurements at the top of
the bottles
Range of the min and max
measurements at the bottom
of the bottles
Minimum diameter at the
top of the bottles
Maximum diameter at the
top of the bottles
Minimum diameter at the
bottom of the bottles
Maximum diameter at the
bottom of the bottles

P-value
.474
.117
.194
.026
.094
.480
.024

Oil Testing
The oil-exposure test was done twice as there were multiple things done the first time that

caused the results to be inconclusive, but they will still be outlined here. The first time the
experiment was done, oil getting on the labeling equipment was not accounted for. Group 4 (see
Table 4-5) was run first, and the oil smeared on the bottles got onto the labeling equipment and
was present for the rest of the experiment. Additionally, one critical setting on the equipment
was also not optimized. The starwheel position was too far out so that the label was not applied
with sufficient pressure.
Most of the bottles had exceptionally large bubbles as shown in Figure 4-9. No
distinguishable difference could be found between bottles with lavender applied vs. lemon nor
oil placement on the bottle vs. on the label.
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Figure 4-9: Example bottle from first execution of oil contamination experiment showing
large bubbling.

The second execution corrected these issues and had different results. The starwheel was
moved in closer (81 on dial), and the groups were run so that the oily bottles would be last.
Additionally, the equipment was cleaned between groups 3 and 4 to prevent any crosscontamination of the oil type. The only bubbles found were very slight edge bubbles, and not
always on the area where the oil was smeared. Only five of the twenty-five bottles had any
bubbling, and only three of the five bubbles were in the area where oil was smeared. Only one
bottle bubbled where oil was placed on the bottle and it was with lavender oil, not lemon as was
expected. The results are summarized in Table 4-5 and Figure 4-10 shows an example of the
bubbling found.
These results do not allow for obvious conclusions to be drawn from the effect of oil on
the label. A few reasons could be that the sample size was too small, or the oil was smeared at a
random spot on the bottle whereas the bubbling seen in the facility usually appears over the
bottle’s parting line. Perhaps more exposure time is needed before investigating for bubbles.
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Table 4-5: Outline of factors and levels from second execution of oil
contamination test with results.
Group
1
2
3
4
5

Oil Type

Oil
Placement
Lavender
Bottle
Lemon
Bottle
Lavender
Label
Lemon
Label
Control

# of
Bottles
5
5
5
5
5

Total Bottles
with a Bubble
1
0
2
1
1

# of Bottles with the
bubble on oiled area
1
0
2
0
0

Figure 4-10: Example bottle from second execution of oil contamination experiment
showing minimal bubbling.

These two sets of experiments demonstrated a remarkable difference in bubble
magnitude. As the experiment factors remained similar, the only changes between these two sets
of experiments were the applied pressure and the oil-contamination of the labeling equipment
surfaces. This suggests that both could be culprits behind bubble formation; that keeping the
equipment clean and maintaining high labeling pressure may mitigate future label bubbling.
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5

5.1

CONCLUSION

Conclusion
The root cause analysis for bubble detection looked at the label from four aspects: label

application, environmental conditions of shipping and storage, defects in glass bottle geometry,
and oil contamination. The most significant findings from each area were as follows:
•

Label Application – Force and contact time were confirmed to be significant factors in
reducing label bubbling. The equipment settings directly related to these factors should
be controlled and monitored.

•

Environmental Conditions – None of the environmental conditions caused growth or
appearance of additional bubbles as was the hypothesis. All 4 test conditions had a
significant Paired T-test but in the reduction of bubble size.

•

Glass Defects – A random sample of bottles showed very poor capability of the bottle
dimensions. However, low capability to produce within specification limits does not
necessarily lead to bubbling. A direct comparison test was done to compare diameters
and variation from bubbled bottles to non-bubbled. No measurements that could
reasonably be related to bubbles caused by glass defectiveness were statistically
different.

•

Oil Contamination – Initial data analysis showed that certain oil types had a higher
chance of causing bubbling. However, after a controlled experiment was performed,
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the results were inconclusive that oil contamination pre or post-labeling could cause
bubbling in isolation. The experiment did confirm the importance of sufficient pressure
in the label application process.

5.2

Recommendations
Additional testing is recommended to investigate further the areas outlined in this research,

as well as explore other areas. One suggested area is the effects of oil on the label. Data suggests
that some oil types are more likely to have bubbling, but the tests executed were inconclusive.
Further testing is recommended with a larger sample size and more time to observe results.
Testing with more oils could also prove inciteful.
Another area recommended is the effect of glass defects. Again, results of the outlined
experiments failed to conclude that glass defects are the cause of label bubbling. But tools used
did not adequately capture the factors that could be leading to bubbles. Aspects such as bottle
cylindricity and surface roughness would more directly correlate to label adhesion problems.
Understanding interactions of the factors tested here is also recommended. For example,
while oil contamination or a slight glass defect may not result in a bubble individually, the
overlap of those two events happening could result in a bubble forming. This could be tested
with additional DOEs with factors from multiple facets such as bottle geometry, machine,
settings, and oil contamination.
Another area that could be explored is other labels and/or adhesives. This area was not
explored as the focus was to determine the cause of the current problem. Feedback has come
from some of dōTERRA’s label suppliers that they are using the best material as it is flexible
enough to conform to some substrate irregularities while still having a strong adhesive. However,
little testing or research has been done to support that statement.
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APPENDIX A.

ADDITIONAL TABLES AND FIGURES

A.1 Environmental Testing
The included graphs and reports give graphical context to the environmental conditions
testing done to understand the effects of humidity, temperature, and pressure on label bubbling.
Group A, Open Freezer

Figure A-1: Summary report for group A.
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Figure A-2: Interval plot for group A.

Group B, Vacuum Chamber in Stability

Figure A-3: Interval plot for group B.
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Figure A-4: Summary report for group B.

Group C: Vacuum Chamber in Freezer

Figure A-5: Interval plot for group C.
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Figure A-6: Summary report for group C.

Group D: Open in Stability

Figure A-7: Interval plot for group D.
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Figure A-8: Summary report for group D.
A.2

Glass Defects

A.2.1 Capability Analysis
Summary reports for capability analysis of random bottle measurements:

Figure A-9: Summary report for the capability analysis of 5ml bottles.
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Figure A-10: Summary report for the capability analysis of 15ml bottles.

A.2.2 Graphs from Tangerine Lot Comparison Tests
Total Range

Figure A-11: Boxplot of t-test for total range.
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Bottom Range

Figure A-12: Boxplot of t-test for bottom range.

Top Range

Figure A-13: Boxplot of t-test for top range.
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Top Min

Figure A-14: Boxplot of t-test for top min.

Top Max

Figure A-15: Boxplot of t-test for top max.
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Bottom Min

Figure A-16: Boxplot of t-test for bottom min.

Bottom Max

Figure A-17: Boxplot of t-test for bottom max.
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